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Abstract
This paper presents an ecodesign strategy concerning the improvement in the production efficiency of structural 
ceramic using traditional kilns in the Brazilian Amazon region. We propose to reduce the consumption of firewood 
or energy inputs during the process of burning ceramic blocks by combining two interventions. First, a technological 
adaptation of a conventional burning system widely used. Second, the deployment of a clean burning combustion 
process. Based on ecoefficiency and environmental ergonomics parameters, we derived an analytical geometrization 
on two types of brick kilns. The primary goal is to develop a systematically, new firing system with aspects that are 
functional, formal, ergonomic, environmental and technological as well. This research is engaged in creating 
innovative products based on the three fundamental subsystems of the Concurrent Design Model: formal, functional 
and ergonomic. The focus is on the definition of all components intervening in the design process to the product 
specification.
© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of AHFE Conference.
Keywords:Tradicional Kilns; energy inputs; environmental ergonomics.
* Corresponding author. Tel.: +0-000-000-0000 ; fax: +0-000-000-0000 .
E-mail address:author@institute.xxx 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
5580   Sheila Mota et al. /  Procedia Manufacturing  3 ( 2015 )  5579 – 5586 
1. Introduction
The burning phase is considered one of the most important stages of the whole production process of ceramic 
blocks. Various properties of clays manifest through physical, chemical and mechanical changes caused by the 
action of heat from the fire.This research analyzes two traditional systems of ceramic cooking, proposing an 
analytical systemic geometrization based on the method suggested by [1],[2] and [3].
This method is based on oriented practices, more accurately, for the analysis and development of functional, formal 
and ergonomic aspects of the production of bricks and tiles. The ecodesign practice provides the means for this to be 
possible, serving as a strategic approach to the target project.
As we seek to improve production efficiency, we consider some approaches to reduce firewood consumption or 
energy inputs in the firing phase of the ceramic blocks. Based on the results of this intervention, we propose the 
creation of a more efficient burning process, through technological adaptation between conventional system already 
used in the region and the combustion process by clean burning [4].
The result of this work significantly helps the development of the suggested product, from conception to 
production. The primary objective is to enable the reduction of adverse environmental impacts arising from the 
process of burning the blocks and ceramic tiles.
The results can also contribute significantly, both for the society and for the science. The former will have access 
to an efficient and thermally comfortable eco product. The latter will be the scenario for discussions and prototyping, 
addressing another production of sustainable nature.
Nomenclature
RS       Reference System               InV    Input Variables 
OuV    Output Variables                 IV       Information Variables
AV      Action Variables                 SS       Subsystem
VU     Volume of Use                    US       Use Surface
BS      Boundary Surface                FS       Fundamentals Systems
ErSSErgonomicSubsystemFoSS   Formal Subsystem
FuSSFunctionalSubsystemOSOuter System 
EVEssencial Variables            FuOFunctional Objetives
ErOErgonomical Objetives      FoO    Formal Objetives
2. Teoric Basis
The traditional bricks industry employs as primary fuel the native wood (50%) and wood waste (40%): chips, 
sawdust, briquettes and other waste. Industrial data indicate a trend to increasing use of wood from reforestation in 
order to achieve energy sustainability, leading to a surplus of biomass for wood marketing. However, according to 
[5] there is still a need for interventions by the public sector with respect to the development of reforestation 
programs in the Amazon facing this industry segment.
The ceramic block, also known as eight-hole brick, is the ceramic product most consumed in Manaus. 90% of the 
blocks come from Manacapuru and Iranduba, cities located on the right bank of the Rio Negro. The production is 
distributed as follows.
1) 25% are large brick kilns, with a production capacity of up to 50,000 bricks per day;
2) 25% are medium-sized potteries, with an average capacity of 30,000 bricks daily;
3) 50% are small potteries, which are no more than 10,000 bricks per day.
However, this material causes a high loss rate in construction, reaching an average of 13% [5].
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According to the [6] most of the red ceramic companies in the Amazon are configured as micro and small 
enterprises, lacking the advances in technological modernization and/or administrative. Most of the companies are 
organized as a family business, where both the owners as employees perform diverse functions.
The ceramic poles from the regions of Ariaú, Cacau-Pirêra, and Iranduba, gather 27 companies. More than half of 
these companies is installed on Cacau-Pirêra, on the right bank of the Rio Negro, in front of Manaus, the capital city 
of the state of Amazonas. This productive cluster promotes local economic development and may soon become a 
single local productive arrangement (APL)[6].
Regarding the average cost of the ceramic industry in the Amazon region, the consumption of wood and 
derivatives stands out among indicating the low efficiency of furnaces and high cost of this input. Unlike the high 
costs of electricity, the administrative and trading costs are low. This relationship occurs due to the small 
administrative structure and the lack of a formal commercial structure in the most companies [7].
Among the main issues affecting the ceramic industry, especially the segment of red ceramic, is the low quality 
of products, observed in a significant portion of production. The main reason is the lack of conformity of brick 
dimensions and mechanical strength, up to the specifications of a relevant quality standard. This fact creates 
significant losses during the production process [8].
It was observed in one of the factories visited, the energy source used to burn the blocks is almost 100% made up 
of wood waste from construction. This fact allows the reduction of company expenses because it generates no wood 
purchase costs, which most often comes from regions not replanted.
The technological adaptability proposed by this work is made by integrating a combustion system for clean 
burning process and the burning of structural ceramics. This integration aims to reduce the energy inputs of the 
ceramic cooking, while maintaining the quality stated in quality standards [9]. As a result, it is expected to achieve 
productive efficiency, economic and environmental gains.
3. Methodological Approach
For this work, we employ a hybrid approach due the design of a new firing system for structural ceramics 
incorporating descriptive elements of theoretical and observational basis. The preliminary design that generated the 
conceptual elements is based on the use of analytical techniques, according to [1]. The goal is to clarify the 
architectural design problems, collecting and interpreting information that is relevant to the project.
However, the application of the conceptual project method for this study was restricted to a structural analysis 
thatconsists of recognizing and comprehending the types and the number of subsystems components, 
assemblyprinciples, union types, types of product bodies, and the problem definition
The application of this method was restricted to the structural, functional and morphological analysis. By means 
of them one can recognize and understand the types and numbers of components of the subsystems involved, as well 
as the assembly principles, union types and support structures. The functional analysis allowed the technical and 
physical functions of each subsystem to be evaluated, including ergonomics (macro analysis) from the viewpoint of 
environmental ergonomics. Based on these analyzes, the arising information made up the sub-systemic structure 
absorbed by the competitor design model [2] and [3].
Initially, we technically analyzed the Dome and Paulistinha ovens, according to guidelines of [1]. The aim is to 
clarify the architectural design problems, collecting and interpreting information that is relevant to the project, based 
on the evaluation of the production processes of bricks, especially the burning process in traditional ovens. The 
collection and organization of data builds a piece of knowledge will be processed in accordance with the CDM 
model, suggested by [1].
TheDCM model proposed by [1]apud[10] is based on the general system theory for the creation of innovative 
products (Figure 01).
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Fig. 1.Theoretical Modeling. Source: adapted from Hernandis [3].
Followingthe implementation of theDCM, were detectedOSthe definitionsofsystem(OS1,2,3,4,5), which reflect 
the relationship with the environment, on which it willrealizethatthe needsobservedinterferealsoon 
aspectsexternalproduction.This OS consists offive factors, whose relationsgivescientifictechnicalsubsidyto 
definetheobjectivesreportedfollowing this.
OS1-technicaland technological aspectsof structural ceramicsproduction(polo tilerIrandubaandManacapuru-
ManausAM);
OS2-legislative andregulatory aspects;
OS3- MarketAspects;
OS4-Aspectspackagingand shippingthe final product;
OS5- Collection andhandling ofraw material.
Afterdetectingthe OSare extracted fromthe input variables, which meansthe needsobserved inthe factory 
floorand,based on specifictechnicalscientificstudiesthereforethese variablesbecomea demandfor 
improvement.Whatarethese: InV 01 -Improvinginefficientproduction(SE1, SE5, SE6); InV 02 -
technologicallyinnovatethe firing process(SE1, SE2); InV03- Need touselarge amounts ofenergy 
inputs(wood,woodand industrial waste) (SE1, SE2, SE5, SE6); InV 04 -Final productoflow quality (SE1, SE2, SE3, 
SE5, SE6); InV 05 -Loss ofproductivitydue tofailuresduring the production processandtransport/shipping/packaging 
of the finalproduct.(SE1, SE4).
From the theoretical concept and continuing implementation of DCM seeks to develop an innovation for brick 
kilns, adopting ecodesign premise and adaptation between the current system and the combustion technology for 
clean burning.
Focuses on the definition of all stakeholders components in the design process, to define the product. The 
information processed determines the formal, functional and ergonomic aspects of the product as major subsystems 
in the attribute formulation. These characteristics interact by means of internal variables to form a solution. Such an 
approach is justified by the possibility of examining the variables required for product design. In this way, it 
becomes possible to relax the design process, continuously updating the system state.
Ecodesign is a project method that aims to avoid or reduce the adverse environmental impacts. Not only to clean, 
but also and mainly not to make dirty. Both should be envisioned in every phase of the project, in such a way that 
the results not generate contradictions. The reasoning of this investigation was the use of Ecodesign-oriented 
strategies that can provide means for the development of products ecologically correct [11] since it orients the 
rational use of energy, raw material, biodiversity preservation, residue minimization, the deployment of clean 
technologies and renewable fuels.
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This development took into account a fundamental strategie. Means the reduction strategy, adopted during the 
product conception, by making the most of deployment reduction of raw material, natural resources, and by 
optimizing the residues employment.
4. Identification and analysis of furnace operator activities
Considering the lack of a standard pattern from the ceramic kiln in various companies of the traditional potter 
sector, one can observe non-uniform measures and the amount of constituent elements among them. Each company 
builds its furnace from a basic model and adapt it to their productive characteristics. This research aims at evaluating 
the activities of the operator of the burning of bricks and tiles system, from systematic observations of the burning 
process. To achieve this goal, we studied the operation flow that reflect the operator interaction with the system and 
the environment around.
After the structural and functional analyzes of traditional igloo type brick kilns, we detected favorable and 
unfavorable characteristics between both systems evaluated. Considering the current aspects of production (Figure 
02), it was possible to detect non-usual points, represented as positive and negative in figure 03. The positive points 
form the conceptual basis for the creation of a new firing system while the negative points are converted into 
improvement goals and design criteria.
Fig. 2.competencematrix (analysis characteristics of traditionalkilns).
With respect to the ergonomic aspects of the work over the process of ceramic cooking, the reference is the 
concept of workstation, covered by [12]. He/she claims that a production unit consists basically of a man, his tool 
for executing the task, and the environment that surrounds him/her, to compose the basis of ergonomic approach. In 
this regard, and considering the criteria addressed by environmental ergonomics, we detected which features directly 
affect the task of the user. 
From the system working flow (figure 03), we analysed the aspects involving the system operator in his/her 
workplace, more specifically his/her relationship with the oven and the process of ceramic firing. The results 
revealed some accidental risks, and discomfort as well. When evaluating the steps of the burning process for the 
operator performance, it was clear the malfunctioning of the ergonomic system.
Advantages of both Disadvantages of both 
Relatively economic; 
Simple design; 
No calorific stress on the outer walls; 
Quickly heating; 
Circular firing chamber that Allows better 
circulation of the Hot gases; 
Low cost of investment; 
Semidetached cameras allows sharing of the hot 
gases; 
Adaptability fuel for the burning process. 
The need for large amount of  
wood inputs; 
High heating velocity, causing excessive 
burning of the bricks; 
No registers controls; 
By hand combustible supply; 
Heterogeneous heating the 
firing chamber; 
Thermal stress in the furnace supply area; 
Low performance due to the need of large 
woody combustible quantity or derivatives. 
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Fig. 3.Productiv process of traditional brik and the ocupations of the furnace operator.
The outline of this study composes the macroergonomic analysis and/or the analysis of the task of human-
machine systems and task. At this point, one can systematically observing the task activities and behavior records in 
a real work situation. At the figure 04 is presented a diagnostic of the real operator kilns performance.
At all stages of the burning of bricks process the system operator is likely to suffer serious damage to his/her 
health by the exposition to accidental risks. According to [13] a person carrying out activities under heat stress 
presents symptoms such as weakening of the general state of health, psycho-sensory changes, and the reduced 
ability to production.
Fig. 4.Aergonomic diagnostic of the real operator kilns performance
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Noise: The intense noise from the auxiliary machinery processing the raw material can affect the tasks that need 
greater concentration. Tasks requiring attention, speed and accuracy of movement are affected as well. The harmful 
effects can be observed after two hours of exposure.
Inadequate lighting: The luminance level directly affects the physiological mechanism of vision, as well as the 
muscle that controls eye movements. There are several factors that influence the ability of visual discrimination, 
such as age and differences among the individuals. It is worth noting the controllable ones at the level of 
workstations: the amount of light, the exposure time, and contrast between figure and ground.
Temperature and humidity: The temperature and ambient humidity directly influence the performance of 
human labor. Studies conducted in laboratories and the industry prove these influences on both the productivity and 
the risks of accidents. When the man is forced to withstand high temperatures, his income falls. The working speed 
decreases, the pauses become larger and more frequent, the degree of concentration decreases, and the frequency of 
errors and accidents tends to increase significantly, especially from 30 ° C.
The technological adaptability proposed in this work is based on the integration of the combustion system with 
the clean burning process for burning structural ceramics. This adaptation takes place by means of geometrical and 
morphological changes in the combustion chamber, making the adiabatic combustion by reversing the airflow.
The works of [14], [15] and [16], showed positive results with respect to the technological adaptation of 
combustion systems. It is observed in this work that the efficient use of energy and associated clean production, as 
well as the thermal comfort, responded positively to what was intended.
Therefore, one can infer that the clean-burning subsystem to be adapted will yield production efficiency, given 
the production demand of Amazon potter sector.
5. Final remarks
The core of this research is the burning of structural ceramics, driven by the strong appeal of sustainable nature. 
The outcome will aim to give a sound minimization of uneven burning of firewood, air pollution and more efficient 
production process and better final product quality (brick).
The justification of the choice of dome ovens and zebrafish for this analysis due to its widespread use by small 
and medium sized companies in the Amazon region. In addition, it is a traditional firing system that needs 
technological adaptation in order to reduce inputs for cooking. The information presented in this work comes from 
observations from both the shop floor and direct inquiries to business surveys.
It is worth noting that in the traditional process, due to its rudimentary characteristics, is the productive sector 
that supplies the growing civil industry sector in Amazonas. However, due to the misfortunes and limitations in the 
productive context of the traditional structural ceramics, it is even more necessary and justifiable the deployment of 
tools to assist the development of eco-efficient industrial products. Such tools can reduce the negative environmental 
impacts, as well as the rational use of natural resources.
While the technology of adiabatic combustion theoretically produces no smoke, our adaptation promoted 
asignificant reduction of smoke in the environment. The gain reduced the risk of burns due to the reduction of 
thetemperature of the walls of the furnace and decreased the area where occurs the combustion of firewood.
The use of concurrent design method for this work allowed both a detailed analysis of the problem in question, 
and a theoretical and practical modeling. This model will give rise to an innovative system of combustion for 
structural ceramics. The benefits arising from the contribution of systemic design for the development of a new 
firing system will be achieved through ongoing simulated tests on prototypes.
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